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Environmental Applications of Remote Sensing
Anthony Vodacek 
Remote sensing is routinely used for understanding many aspects of the earth environment that are important
to sustainability. Remote sensing is used in weather forecasting and global climate studies, natural hazard
analysis, crop condition and yield prediction, and forestry applications, for example. The techniques and
hardware used to obtain the remotely sensed data for these applications are as widely varying as the
applications themselves. Remote imaging systems may collect spectral data of reflected sunlight, emitted
thermal or microwave radiation, or reflected radar signals to provide the desired information on the current
status of the environment. These data can be collected from the air or from space and may be useful in the
form of numerical data or in the form of an image. The goal of this paper is to examine the current state of
the art in transforming remotely sensed image data into more useful information by integration with
predictive models.
The topic of environmental applications of remote sensing
covers such a wide variety of environmental science disciplines
that they cannot be completely addressed in a short paper. Rath-
er than describe the status of numerous remote sensing applica-
tions in this paper, I will focus on four remote sensing applica-
tions of interest to sustainability studies: weather and climate
forecasting, lake hydrodynamics, crop yield estimation, and
wildland fire detection. These topics thus cover aspects related
to the earth’s atmosphere, surface water, and agricultural and
forested lands. This is a wide enough variety of topics to give a
flavour of the current status of remote sensing using several
sensing approaches.
I will begin by examining the role of remote sensing in
weather forecasting because, in general, modelling of other
aspects of the environment has not progressed to the point that
weather forecasting has. Thus, weather forecasting and global
climate monitoring will serve to illustrate the ways that remote-
ly sensed data may be used in environmental modelling. Then
I will examine the current state-of-the-art in the use of remotely
sensed data within the other three areas of concern and contrast
those applications to the successful approach used in weather
and climate modelling. 
Integrating remotely sensed data and weather fore-
casting
Probably the greatest success to date in environmental
remote sensing has been its contribution to improved weather
and climate forecasting. These successes are both in short term
storm predictions from direct observations and long term sea-
sonal forecasts derived from dynamic models combined with
observations. Since the 1960s weather satellites have provided
a view of the earth’s atmosphere as a global system. Our under-
standing of global climate has now progressed to the point that
we can observe phenomenon such as El Niño/Southern Oscil-
lation in the Equatorial Pacific Ocean, and make predictions
about the effect these particular ocean atmosphere interactions
will have on weather patterns in elsewhere on the globe. I use
this example because it is a good illustration of the process of
using satellite observations (the remote sensed data) to both
force weather prediction (the model) and assess the model
results (was the prediction accurate?). What are the key compo-
nents of weather or climate forecasting models that can be
derived from remotely sensed data? That is, what data are
required to force the models and to verify the model results?
These questions can be answered by understanding the capabil-
ities of the satellite remote sensing systems that are routinely
used to collect atmospheric data. 
Imagers
There are two types of sensor systems currently in use for
remote atmospheric sensing, imagers and sounders. The imag-
ers are familiar to nearly everyone who watches a weather
report on television. From a geosynchronous orbit these sen-
sors image the earth from a single constant vantage point at a
spatial resolution of several kilometers. Example platforms are
the U.S.A. National Oceanic and Atmospheric Administration
(NOAA) GOES satellites (Geosynchronous Orbiting Environ-
mental Satellite) and the European Space Agency Meteosat.
Imagers have been designed primarily to observe the horizontal
distribution of clouds and water vapour. On the sunlit side of
the earth, clouds are easy to see because the bright white reflec-
tion of sunlight off of clouds provides a great deal of contrast
1
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with the darker ocean and land (Fig. 1a). By observing clouds
at visible wavelengths repeatedly during the day, the horizontal
movement of weather systems is tracked. On the nighttime side
of the earth the typical lower temperature of clouds compared
to the earth surface background again provides a great deal of
contrast. The thermal infrared images are used to track clouds
at night and can also be analysed to estimate cloud heights
because higher clouds are colder (Fig. 1b). However, it is the
sounders that provide most of the vertical information of inter-
est to forecasters.
Sounders
Most sounders are on polar orbiting satellites. Sounders do
produce images, but their design typically gives them much
poorer horizontal resolution than the imagers. Sounders are
designed to extract temperature and humidity profiles of the
atmosphere as a function of height above ground. The stated
goals of the U.S.A. National Weather Service (NWS) for verti-
cal profiles of temperature from satellite observations is 1°C in
1 km layers and for humidity is 20% in 2 km layers. This accu-
racy matches the observations from balloon-borne instrument
packages called radiosondes and offers the complete global
coverage not practical with radiosondes.
Sounders operate by obtaining data in narrow spectral bands
in the vicinity of molecular absorption features of water
vapour, oxygen, or carbon dioxide. In part, it is the trade off
between spatial resolution and spectral resolution that accounts
for the poor horizontal resolution of sounders compared to im-
agers. Sounders such as the Advanced Infrared Sounder
(AIRS), observe absorption bands that are due to the vibration-
al structure of the molecules. Microwave sounders such as the
Advanced Microwave Sounding Unit (AMSU) observe absorp-
tion bands that are due to the rotational characteristics of the
molecules. For spectral bands on the outer edge of an absorp-
tion feature, where absorption is weak and the transmission of
the atmosphere is high, the signal arises from relatively low in
the atmosphere. For bands closer to the centre of an absorption
feature, where atmospheric transmission is low, the signal is
produced higher in the atmosphere. By analysing several bands
simultaneously it is possible to invert the water vapour or gas
data using a radiative transfer equation and optimization rou-
tines and to estimate the vertical profile of relative humidity
and temperature, respectively.
Using remotely sensed data to assess model results
Once a weather forecast is made, meteorologists typically
compare their model results to imager data. Thus the weather
forecast is tested with the same type of data that is used, in part,
to create the forecast model. The same properties that make
remotely sensed data so useful as a data source for model input
also makes it the ideal means to test forecast results. In this case
imager data can be crucial to the forecast verification if insuffi-
cient ground stations exist.
A second important source of comparison data for forecast-
ers is ground based radar.
Hydrodynamic Modelling
To illustrate the integration of hydrodynamic modelling
and remote sensing, I will focus on recent work at Rochester
Institute of Technology. Research here has studied the temper-
2
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Fig. 1: A Meteosat visible image from 15 March, 2000 at 1230 GMT.  B Meteosat thermal IR image from 15 March, 2000 at 1330 
GMT.  These images were obtained from the University of Nottingham Meteosat image Web page, http://www.nottingham.ac.uk/ 
meteosat/
– Editor’s note: Some of the pictures of this paper have unfortunately little meaning in this black-and-white printed version. 
See http://www.access.ch/sinfo/pages/issues/n004/a004vodacek.pdf for full colours.
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ature patterns of the Great Lakes of Canada and the U.S. using
thermal remote sensing data [Barsi 00] integrated with a hydro-
dynamic model [de Alwis 99]. A good understanding of lakes
such as these will be necessary in the future as the worldwide
demand for clean fresh water increases and inevitably leads to
the export of their water. The ecology of these Great Lakes has
already been strongly impacted by pollution, over fishing, and
non-native species that have been introduced by the release of
ballast water by ocean going ships. The export of water may
potentially alter the physics and ecology of the lakes so a full
understanding of the hydrodynamics of the lakes will be useful
in minimizing the environmental impacts of water removal
from the lakes. As an example of an important hydrodynamic
process in the Great Lakes I will describe the springtime phe-
nomenon called the thermal bar and our approach to studying
this phenomenon by integrating a hydrodynamic model with
remotely sensed data. 
The thermal bar
The thermal bar is a springtime physical phenomenon of
temperate large lakes that can have important consequences for
lake chemistry and biology. During the winter the average tem-
perature of the lake may be around 2 to 3°C. As the lake warms
at the surface from solar heating in the spring and from river
and stream flow, the water becomes denser and sinks because
the maximum density of water is at about 4°C. The warming
waters will continue to sink until the water temperature is a uni-
form 4°C top to bottom. Continued warming of the surface
above 4°C then decreases the density of the water and summer-
time stratification begins, with warm water at the surface and
colder water at depth. The thermal bar describes the typical
situation that occurs when the shallow water near the shore
warms more rapidly than the deep water of the central lake so
that a ring of warm water at the surface surrounds the cold cen-
tral lake water for several weeks. The thermal bar is the point
at which the vertically mixing 4°C water slows the horizontal
expansion of the warm water toward the centre of the lake. This
partial barrier to water movement during the time of heavy
spring runoff can have important consequences for processes in
the lakes throughout the year. Figure 2 shows that the thermal
bar is easily observed from space.
Hydrodynamic modelling and remote sensing
The goal of hydrodynamic modelling for the Great Lakes is
to provide information on how the movement of water, which
is strongly affected by the thermal bar, will affect water quality,
sediment transport, and the growth of plants and animals in the
water body. At a basic level, the inputs required by the model
are an initial wintertime water temperature, inflow and outflow
of rivers, wind, air temperature, precipitation, and cloud cover.
The result of the model is movement of the water and associat-
ed properties such as temperature and particle transport. Build-
ing a good hydrodynamic model that can produce results simi-
lar to the actual conditions shown in Fig. 2 is a difficult
problem. For example, bathymetry (water depth) has a large
impact on hydrodynamic properties and it must be considered
separately for each body of water. Then, the water temperature
and weather data need to initialize and force the hydrodynamic
model is seldom available over the lake itself except for the
occasional weather station on a buoy. Finally, verification of
the model results is again difficult because of the difficulty in
adequately sampling the properties of a large lake. Similar to
weather forecasting, many of the requirements for hydrody-
namic modelling can be addressed by extensive use of remote
sensing. Satellite data can be used for the inputs to the model,
such as the initial temperatures, winds, and cloud cover. Then,
thermal sensor can be used track the thermal bar phenomenon
during the spring to provide the spatial patterns of water move-
ment against which the model results are compared. One prob-
lem with verifying the hydrodynamic modelling is that, unlike
atmospheric sounders, there is no operational remote sensing
method for determining the vertical structure of the water, since
the temperature measurement is of the water surface only.
However, our thesis is that if we can accurately predict the hor-
izontal movement of water, the vertical movement is accurate
as well.
Crop yield prediction
Farmers in any part of the world might say that a simple
scenario for crop yield prediction can be designed by observing
cloud cover, rainfall, and crop condition during the growing
season. Cloud cover measurements provide an estimate of the
amount of sunlight available to the crops for photosynthesis
while they are actively growing. Rainfall can be a problem at
the extremes: either excessive or too little for good plant
growth. Finally, plants can be resilient and a drought at one
time during the growing season can be overcome by adequate
rainfall during another. Thus, good crop yield prediction
requires cumulative observations over the growing season.
Farmers all over the world assess the health of their crops on a
3
Fig. 2: False color temperature map of the surface water in 
western Lake Ontario and eastern Lake Erie acquired 11 May 
1992 with the Landsat thermal channels.  Blue is cold and red 
is warm, with the temperature ranging from about 3 to 20°C.  
Land is shades of gray.  The thermal bar rings both lakes at the 
outer edge of the darker blue regions.
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continuing daily basis based on their own experience and this
anecdotal evidence continues to be an important source of data
for yield prediction. However, remote sensing can be a much
better method for quantifying parameters such a cloud cover
and rainfall in a more consistent fashion on a regional or global
scale.
Empirical crop yield prediction
There are currently two main approaches used in remote
sensing based crop yield estimation. The first is empirical and
is the approach used to exploit data from the NOAA Advanced
Very High Resolution Radiometer (AVHRR) data. The
AVHRR imager is on the polar orbiting NOAA satellites and
has several visible and near IR wavelength bands that are sen-
sitive to vegetation. The spectral band data are combined by
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Fig. 3: A Global radiation over southwest Europe and northern Africa in Watts per meter squared. B Relative evapotranspiration 
in percent.  Both images were derived from Meteosat data.  A combination of high global radiation and high relative 
evapotranspiration indicates areas of potentially high crop yield.
Fig. 4 A: GOES-8 visible channel.  Smoke from fires is observed over a wide range of Mexico on 16 February, 1998.
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difference and ratioing into a parameter called the Normalized
Difference Vegetation Index (NDVI). The NDVI is an indica-
tion of the health biomass of the vegetation at any one time.
Then, regression methods are used to relate historical crop
yield data determined on the ground at the end of the harvest
season to the NDVI monitored by AVHRR during the course of
the growing season. 
Crop growth model for yield prediction
The second approach is more appealing and is also more in
line with the topic of this paper. This approach is being devel-
oped within the project called Monitoring and Assessment of
Resources in Europe - Crops (MARIE-C) that is sponsored by
the European Commission and uses weather and surface tem-
perature data from the Meteosat satellite as input to a predictive
model of crop growth and yield. The Meteosat imager observes
the earth in several visible, near IR and thermal IR channels.
From these observational data it is possible to derive solar radi-
ation and evapotranspiration repeatedly during the growing
season. The solar radiation data is derived from images of cloud
cover and time of day and year. From this data it is possible to
derive an estimate of potential photosynthetic activity. This is
an important parameter because there are regions where crop
growth is limited by persistent cloud cover. Evapotranspiration,
the combined evaporative and transpired loss of water from
plants, is an indication of their growth rates. The Meteosat
relative evapotranspiration parameter is derived from twice
daily (noon and midnight) surface temperature measurements.
The solar radiation and evapotranspiration data are then input
to a model of crop growth over time that can be used to estimate
crop yield under various combinations of cloudiness and rela-
tive evapotranspiration. The utility of this approach over the
empirical approach taken with AVHRR is that the crop growth
model can be run with various scenarios, including changes in
climate that are outside of the range of reliable historical data.
Figure 3 shows solar radiation and relative evapotranspiration
derived from Meteosat data. These images are from the
MARIE-C Project homepage, http://biz.inter.nl.net/ears/
mariec/progress.htm
Wildland fire detection
Wildland fires are a natural and frequent part of some
ecosystems and the plants in those regions are adapted to
frequent low intensity fire. The suppression of fires by humans
in those regions may eventually lead to high intensity fires that
are much more damaging to the natural vegetation. Humans
also impact ecosystems such as the rainforest by deliberately
setting fires where fire would not otherwise be a significant fac-
tor. In these systems the vegetation may not at all be able to
recover from the effects of fire, resulting in permanent changes
to the land cover and the loss of biodiversity and sustainability.
Regardless of whether fires are natural or not, most fires will
cause some economic damage because of the increasing use of
wildlands by humans as our population increases.
4
Fig. 4 B: GOES-8 3.9 µm thermal channel on the same date.  Cold is light and hot is dark.  The fires are dark pixels. These images 
were provided by the University of Wisconsin Space Science and Engineering Center, http://cimss.ssec.wisc.edu/goes/burn/ 
abba.html
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The impacts of fire are global [Kaufman et al. 98]. Wildland
fires produce greenhouse gases and smoke in quantities suffi-
cient to impact the global climate. Smoke can pollute the air in
areas far removed from the fire locations and affect cloud con-
densation. More accurate methods of estimating the effects of
wildland fires are needed for input to models of global climate.
Information is needed on the temperature of fires and the
amount and type of vegetation burned to adequately predict the
production of greenhouse gases and smoke. Remote sensing
can provide much of the data needed for detecting and studying
wildland fires on a global scale.
Wildland fire detection from space
Not surprising, fire can be detected using thermal sensors.
The basis for fire detection is the very strong signal in the 3 to
5 µm spectral range (Fig. 4). This is because the blackbody
emission curve for objects at the temperature of fire (900-
1300°C) peaks at that spectral range. The signal is so strong
that fires much smaller than the ground spot size viewed by the
sensor are detectable. Much of the previous work on fire detec-
tion from space has used various geostationary weather satel-
lite imagers because of their thermal channels and capability
for imaging several times an hour. However, the weather satel-
lites have ground spot resolution on the order of several kilom-
eters, which is not sufficient to see small fires. An alternative is
to detect the smoke, but not all of the detected fires produce
smoke and not all of the smoke plumes have an associated de-
tected fire. Smoke production depends on the type of material
burning and smoldering fires that are not sufficiently hot for de-
tection may produce a large amount of smoke. Other thermal
sensors on polar orbiting satellites have better spatial resolu-
tion, but their repeat coverage is not sufficient for real time
monitoring of wildland fires [Kaufman et al. 98].
No satellite in orbit has a thermal sensor designed specifical-
ly for fire detection, but a number of such systems have been
proposed. The proposed systems differ depending on whether
the primary goal is scientific or for fire suppression. The scien-
tific users are typically willing to sacrifice repeat coverage for
better spectral resolution. The requirements for understanding
the impacts of fires on global climate do not require continual
monitoring, but do require the ability to determine smoke, fire
temperature, fire size, etc., all of which can be better done with
well calibrated spectral sensors. The users interested in fire
suppression need rapid repeat coverage, on the order of min-
utes, so that fires can be detected when they are small. That
means they also require better spatial resolution than the scien-
tific users, both to detect small fires and for locating the fires,
but that their requirements for spectral resolution are only the
minimum required to detect fires and to avoid false alarms. A
technologically advanced communication infrastructure is also
required so that fire suppression activities can be rapid and ef-
fective. The requirement for rapid detection and high resolution
runs into limitations of bandwidth, so studies are required to
determine the best tradeoffs to make when designing a remote
sensing fire detection system.
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